Background: Posthospital syndrome (PHS) is a transient condition after acute hospitalizations when patients are physiologically deconditioned. The objective of this study was to determine if having PHS at the time of abdominal contouring surgery increased the incidence of postoperative adverse medical events. Methods: We conducted a retrospective cohort study of patients enrolled in the MarketScan Databases who underwent outpatient functional or cosmetic abdominal contouring surgery (ie, abdominoplasty, liposuction, or panniculectomy) from April 2010 to August 2015. Patients were separated into 2 groups based upon PHS exposure, defined by hospitalization within 90 days before surgery. Differential health care utilization within 30 days after surgery was compared between cohorts. Results: Among the 18,947 patients included in the final cohort, 1045 patients (6%) had PHS at the time of abdominal contouring surgery. Patients with PHS experienced more emergency department visits (0.16 vs 0.08 visits; adjusted odds ratio, 1.60; P < 0.001) and more episodes of hospitalization (0.11 vs 0.04 episodes; adjusted odds ratio, 1.70; P < 0.001) within 30 days postoperatively. The mean unadjusted health care utilization after abdominal contouring surgery for patients with PHS was US $7888 (SD, 17,659) versus US $2943 (SD, 9096) in patients without PHS. After controlling for confounders, such as comorbidity burden, PHS was associated with US $3944 greater cost than patients without PHS (P < 0.001). Conclusions: Among patients undergoing outpatient abdominal contouring surgery, having PHS increased the incidence of adverse medical events requiring medical attention in the 30-day postoperative period. These findings support the inclusion of PHS in preoperative evaluation and preparation for patients seeking abdominal contouring surgery.
thought to be substantial. For example, 1 in 5 or 2.6 million Medicare patients are readmitted to the hospital within 30 days of discharge. Of these patients initially admitted for serious yet common medical conditions, such as heart failure and pneumonia, the cause of readmission is different than the cause of initial hospitalization more than 60% of the time. 2 As payers shift to bundled payment systems, hospitals and providers are under pressure to decrease costs without compromising quality of care. Minimizing perioperative morbidity by recognizing the functional decline associated with PHS may present one such opportunity for improvement. Current literature focuses on PHS in the context of patients readmitted for medical complications, but little is known about the impact of PHS on patients who undergo surgery after recent hospitalization. A study by Brownlee et al 3 found that patients who underwent elective hernia surgery after a recent hospitalization were more than twice as likely to require medical attention compared with patients without PHS. The generalizability of these findings to patients undergoing abdominal contouring surgery is uncertain.
Functional and cosmetic abdominal contouring surgeries, including abdominoplasty, liposuction, or panniculectomy, rank among the most common procedures performed across the United States. 4 Although these surgeries are traditionally elective, these procedures are associated with some of the highest complications rates of all soft-tissue surgeries, including rates as high as 30% to 80% for postbariatric panniculectomy. [5] [6] [7] [8] [9] [10] [11] Given these risks, we aimed to assess the impact of PHS on the incidence of adverse medical events in the immediate postoperative period, defined by the need for emergency department visit or rehospitalization. Secondary outcomes of interest included the financial impact of PHS on patients and payers after surgery.
METHODS

Data Source and Study Cohort
The institutional review board granted this study exception status. The analysis used data from the Truven MarketScan Commercial Claims and Encounters Medicare Supplement/Coordination of Benefits (MarketScan) databases to identify a national sample of patients undergoing abdominal contouring surgery. MarketScan was chosen for its scope as a national convenience sample from large employers, governments, insurance plans, and public entities for more than 55 million beneficiaries per year. 12 Data include information from individual patient encounters, including emergency department visits and hospitalizations, along with specifics regarding patient demographics and insurance coverage. The database includes data for procedures and services that were reimbursed partially or fully by insurance companies. Diagnoses were identified using International Classification of Diseases, Ninth Revision (ICD-9), and procedures were identified by Current Procedural Terminology (CPT) codes.
The study cohort included patients 18 years and older who underwent abdominal contouring surgery, including abdominoplasty, liposuction, or panniculectomy between April 2010 and August 2015 (Table 1) . Patients were excluded if they were not continuously enrolled in MarketScan from 15 months before surgery to 1 month postoperatively. Lastly, to minimize possible confounding effects of other major 7, 86.93, 15777, 19180, 19182, 19200, 19220, 19240, 19303, 19304, 19305, 19306, 19307, 19340, 19342, 19357, 19361, 19364, 19367, 19368, 19369 surgeries often performed at time of abdominal contouring surgery, specifically breast surgery, patients were excluded if they underwent an operation within 90 days before or 30 days after abdominal contouring surgery. All cases were performed at ambulatory surgery centers. Figure 1 outlines the full inclusion and exclusion algorithm.
Predictor and Outcome Variables
Posthospital syndrome status was determined by any hospitalization within 90 days before abdominal contouring surgery. Two primary outcomes were recorded, including the number of unexpected health care encounters within 30 days after surgery and the associated cost of those encounters. Health care encounters included emergency department visits and hospitalizations. For patients who were hospitalized within 30 days after surgery, the primary diagnosis on admission was recorded. Overall cost, including insurance coverage and out-of-pocket expenditure, was calculated for all health care encounters within 30 days after surgery. Insurance coverage incorporated reimbursement for provider and facility fees. Out-of-pocket expenditure was calculated as the sum of coinsurance, deductible, and copayment for health care-related encounter. Year-specific consumer price index was used to adjust all dollar cost values to 2015 US dollars. 13 
Covariates
Patient-specific variables were incorporated in the analysis, including sociodemographic categories, insurance information, comorbidities, and comorbidity burden. Sociodemographic categories included age, sex, median income, and geographic region in which patients received care. Insurance information included managed care plans versus feefor-service plans. Comorbidities were identified by ICD-9 codes and included hypothyroidism, hypertension, diabetes, coronary artery disease, asthma, mitral valve prolapse, obesity, coagulopathy, cancer, history of deep vein thrombosis, and smoking status. The Elixhauser comorbidity score was calculated for each patient and included in the analysis as 0, 1 to 3, 4 to 7, or ≥8. We chose to include the Elixhauser comorbidity score because of its breadth, encompassing 31 conditions known to predict mortality risk, and its superiority to other comorbidity indices in predicting mortality and adverse events after surgery. 14 
Statistical Analysis
Summary statistics were computed for continuous measures as mean ± SD, as well as median (interquartile range) and for categorical variables as frequency and proportion (%). All continuous variables were evaluated for normality of distribution using the Shapiro-Wilk normality test. We also categorized certain variables into different categories according to prior clinical knowledge at the beginning of the analysis. All variables were compared between PHS group and non-PHS group using t tests for normally distributed data and Wilcoxon tests for nonnormally distributed data.
For patients hospitalized within 30 days after abdominal contouring surgery, the primary diagnosis for admission was tracked and compared between patients with PHS and those without PHS. Noticing that all these health care encounter outcomes are greatly inflated by value 0, we focused on logistic regressions to evaluate the effect of PHS and other risk factors on whether the patient has emergency department visits and hospitalizations. We further evaluated the impact of PHS and other risk factors on whether the patient has any health care cost, through a logistic regression, and also investigated how the PHS affect the mean health care cost adjusted for other variables through a linear regression model among those who have health care cost. The direct comparison for cost between PHS and non-PHS groups was restricted to patients who experienced health care costs (>US $0.01) within the first 30 days after abdominal contouring surgery. All analyses were performed using the statistical software package R (version 2.14.1).
RESULTS
Of all patients undergoing abdominal contouring surgery at outpatient surgical centers, 21,678 patients were followed in the data set for at least 15 months prior and 30 days after surgery (Fig. 1) . After excluding patients younger than 18 years and those who underwent breast surgery at the same time of surgery, our final study cohort included 18,947 patients, where 1045 patients (6%) had PHS, as defined by hospitalization within 90 days before surgery. Demographic, insurance, comorbidity, and enrollment characteristics for the final study cohort are listed in Table 2 . The mean age of our study cohort was 48.7 (SD, 14.7) years, and 23% of patients were male.
Patients with PHS who underwent abdominal contouring surgery experienced significantly greater utilization of health resources, including more emergency department visits (0.16 vs 0.08) on average and more episodes of hospitalization (0.11 vs 0.04 episodes) within 30 days after surgery compared with patients without PHS ( Table 2) . After adjusting for confounding variables and other potential risk factors, such as age, smoking, and comorbidity burden, our analysis showed that patients with PHS experienced a much higher risk of requiring medical care within 30 days after surgery. Compared with non-PHS patients, those with PHS were significantly more likely to visit the emergency department (adjusted odds ratio [OR], 1.60; P < 0.001), and their odds of hospitalization were 1.70 times (P < 0.001) higher than the odds for patients without PHS (Table 3) . Excluding patients that underwent liposuction only (n = 2948) yielded Of all patients who underwent abdominal contouring surgery, 843 were hospitalized within 30 days after surgery, including 10% of patients with PHS and 4% of patients without PHS (Table 4) . Postoperative complications were the most common reason for The mean unadjusted cost of health care utilization after abdominal contouring surgery for patients with PHS was US $7888 (SD, 17,659), whereas the mean cost for patients without PHS was US $2943 (SD, 9096). After controlling for other potential confounders in the multivariate logistic regression model, the odds of having medical cost among patients with PHS is 2.28 times higher of that among non-PHS patients (P < 0.001) ( Table 5 ). Among those who have medical expenses, PHS patients were associated with US $3944 greater overall costs compared with non-PHS patients (P < 0.001) ( Table 5) . Only Elixhauser comorbidity score had a greater impact on cost compared with PHS. For example, an Elixhauser comorbidity score greater than or equal to 8 was associated with a US $4118 increase in total cost. Excluding liposuction-only patients, adjusted odds of health care costs (OR, 2.29; P < 0.001) and total additional overall cost (US $3876) remained significant for the PHS cohort. 
DISCUSSION
Our analysis showed that PHS was significantly associated with risk of adverse medical events requiring medical attention after elective abdominal contouring surgery. Posthospital syndrome increased patients' risk of emergency department visits and more than doubled the odds of requiring hospitalization within 30 days after surgery. Increased health care utilization in the PHS group translated to a US $3944 increase in overall financial burden in our adjusted analysis. In fact, PHS had the single greatest impact on health care expenditure in the postoperative period, even after controlling for cofounders, such as comorbidity burden. Given the push toward value-based care, which rewards surgeons for minimizing complications in the postoperative period, it is critical that surgeons understand the impact of PHS so that they can identify new approaches aimed at ameliorating the burden of PHS after surgery.
Previous studies have identified several hospital-related mechanisms that contribute to the development of PHS. Hospitalized patients are at risk of skeletal muscle deconditioning, 15 reduced caloric intake due to caloric restriction, 16 sleep deprivation, 13 and delirium. 17 In addition, they are subject to a restless environment of alarm sounds, artificial lighting, rotating health care provider teams, and frequent diagnostic tests and laboratory draws. 18 Pharmacotherapies such as opioids for pain control, diuretics in patients with heart failure, 19 and antibiotics in patients with active infection 20 may exacerbate the aforementioned hospital stressors and increase the patient's vulnerability to adverse medical events in the short term. 21 In separate studies, Dharmarajan et al 21 and Jasti et al 22 showed the impact of this vulnerability in medical patients readmitted after hospitalization for conditions such as heart failure and pneumonia. Both authors found that over two thirds of patients were readmitted for conditions different from those at original hospitalization. 21, 22 Our study supports the concept of PHS studied in medical populations and extends the current understanding of PHS to a subset of surgical patients.
To date, efforts aimed at reducing the impact of PHS have been made primarily at the hospital level. In 2012, the Hospital Readmissions Reduction Program was initiated as a part of the Affordable Care Act to penalize hospitals for excess readmissions of patients with select medical conditions. In response to the financial pressures, many hospitals and hospital systems established readmission reduction programs intended to improve adherence to clinical care guidelines, to enhance the transition of care from the hospital to the community, to cultivate a hospital culture around quality, and to reduce the overall stress of inpatient hospitalization. 21 For example, one hospital used eye masks to improve sleep quality in patients with acute coronary syndrome in coronary care units. 23 With respect to transitioning care to the community setting, a group of 15 hospitals enrolled patients in discharge prescription programs to combat medication nonadherence and avert rehospitalization. 24 In addition to targeting PHS at the initial hospitalization, our findings suggest the need for surgeons to target PHS in the clinic when consulting patients pursuing elective surgical procedure.
Surgeons rely upon the preoperative risk assessments to determine the likelihood of complications during and after surgery. For example, risk factor considerations for patients considering abdominal contouring surgery include patient-specific characteristics, such as smoking, 25 obesity, 26 hypertension, 27 and previous abdominal surgery. 28 Depending upon the patient's calculated risk, a surgeon may or may not choose to perform the surgery. Current efforts to further reduce risk have focused on introducing technical modifications to classic surgical techniques and improving the criteria in patient risk assessments. 29, 30 Based upon our findings, we suggest that PHS should be screened for during the preoperative risk assessment and, if identified, delay treatment until rehabilitation is completed.
To mitigate the impact of PHS in surgical candidates, surgeons should consider the benefits of preconditioning for recently hospitalized patients who seek out elective surgery. Just as a marathoner would not run 26.2 miles without training, evidence suggests that some patients should not undergo elective surgery without appropriate preconditioning. Literature has shown preconditioning of surgical patients can reduce postoperative complications for high-risk patients by up to 51%. 31 For example, a randomized controlled trial of 279 patients undergoing coronary artery bypass graft graft showed that preoperative inspiratory muscle training reduced incidence of postoperative pulmonary complications by nearly 50% and significantly reduced length of postoperative hospitalization. 32 Similar results have been found in patients undergoing elective aortic aneurysm surgery. 33 With respect to cost, a recent study of prehabilitation and early rehabilitation after surgery of lumbar spine saved patients and payers and average of 1625 Euro, primarily owing to shorter postoperative hospitalization and a quicker return to work. 34 In 2013, Michigan Medicine instituted the Michigan Surgical Home and Optimization Program (MSHOP) to optimize presurgical health in patients undergoing any type of surgery. This program aimed to prepare patients for surgery by targeting specific modifiable risk factors, including functional status, smoking, nutrition, and psychological wellness. Through interventions like pedometer-based walking regimens, accountability text messages, and active daily incentive spirometry, 35 MSHOP has been shown to reduce postoperative hospital stay by 31% and lower insurance costs to hospitals by 28%. 36 Although enrollment in preconditioning programs like MSHOP may hold promise for averting the impact of PHS on patient undergoing abdominal contouring surgery, we recognize that a patient's suitability for surgery is patient specific and should be determined on a case-by-case basis. Additional research is needed to better understand PHS, how long patients are susceptible to the effects of PHS, and how preconditioning and prehabilitation can lessen the burden of PHS.
There were several limitations to this study, largely related to the population-based study design, the use of an insurance database, and the dependency on accurate coding. First, patients whose procedures were paid completely out of pocket or were covered by an insurance company outside the scope of MarketScan were not included in our study population. Given the requirement of partial insurance coverage, a larger proportion of our patients underwent abdominal contouring surgery for functional improvement (i.e., panniculectomy) rather than aesthetic (i.e., abdominoplasty) indications. For example, we can conjecture that the high proportion of males (23%) included in our study cohort may be attributable, in part, to the inclusion of more postbariatric surgery patients. Unfortunately, we were unable to identify a patient's body mass index through the database. Therefore, this population represents a heterogeneous group of patients that underwent abdominal soft-tissue surgery.
Although our results demonstrate an association between PHS and adverse events in the 30-day postoperative period after abdominal contouring surgery, association does not imply causation, and delaying surgery will not necessarily reduce rate of adverse events. Instead, these results should encourage surgeons to carefully, and perhaps more systemically, evaluate the general health of their patients before elective surgery. In future studies, investigating the indication for hospitalization (before surgery) and its temporal relationship with elective surgery, and how these variables affect postoperative outcomes, would be beneficial. Our database study identified over 500 indications for presurgical hospitalization, and therefore, we were unable to make generalized conclusions on higher risk diagnosis. Despite these limitations, our study highlights the impact of PHS on health care utilization after abdominal contouring surgery and can inform payers and providers of the impact on quality of care for patients, on costs to insurers, and on utilization of health care resources.
For surgeons, our findings underscore the need for consideration of delaying elective surgical intervention when a patient was recently hospitalized. More specifically, this study justifies the critical need to develop more targeted assessments of surgical readiness, ensuring that patients have returned to their premorbid physical condition and by initiating prehabilitation if necessary. For policy makers, this study highlights a potential cost-savings opportunity that can be realized through the aforementioned hospital-level or provider-level interventions. Lastly, for patients, this study demonstrates that PHS can impact outcomes after elective surgery, translating to lower quality of life and missed days at work and with family. Given the increased health care utilization after surgery in patients with PHS, providers should seek to understand the impact of PHS for all recently hospitalized patients before considering them for surgery.
